The effect of cefmetazole, a broad-spectrum cephalosporin, on bile flow and composition in rats was studied. Intravenous injection of cefmetazole at doses ranging from 40 to 400 ,umol/kg of body weight led to an increase in its biliary concentration and excretion rate, with a maximum at 30 min after injection. Excretion of cefmetazole into bile was associated with a marked choleresis. The magnitude of the increase in bile flow was dose dependent, with a maximal increase at a dose of 200 ,umol/kg. Cefmetazole administration did not affect the secretion of bile acids or their osmotic activities, whereas the bile acid-independent bile flow increased by 49% at a dose of 200 ,umol/kg. Cefmetazole administration at a dose of 200 timol/kg significantly increased the biliary outputs of sodium, potassium, chloride, and bicarbonate (+36, +56, +28, and +31%, respectively) compared with outputs of controls. A linear relationship was observed between bile flow and cefmetazole excretion, 44 pil of bile being produced per ,umol of cefmetazole excreted into bile. Our results demonstrate that cefmetazole induces choleresis by stimulating bile acid-independent bile flow. This effect appears to be partly due to the osmotic properties of cefmetazole transported into bile.
its usefulness in the treatment of different kinds of infections and in prophylactic administration after surgical wounds (11) . Since the drug was first released for clinical use, its pharmacokinetics and metabolism in humans and different animals have been described elsewhere (23, 25, 26) . The antibiotic is excreted via urine and bile, with significant species differences in the participation of both routes (18, 26, 27) . The biliary excretion of cefmetazole has been shown to be closely related to the bile/plasma ratio of bile acids (27) and dependent on the amount of bile flow and liver function (26) .
Appropriate antibiotic therapy in treatment of biliary tract infections must take into account the transfer of the drug into bile. The purpose of this study was to examine the effects of biliary elimination of cefmetazole on the formation of bile in rats. The influences of cefmetazole on the bile acid-dependent and -independent components of bile flow and on bile composition were evaluated.
MATERIALS AND METHODS
Animals and experimental procedure. Male Wistar rats weighing 200 to 250 g that had been maintained on a standard laboratory diet (Panlab, Barcelona, Spain) and under constant light cycle (12 h-12 h, dark-light) were cefmetazole. Phospholipid and cholesterol excretion were Bile acid-independent bile flow has usually been estimated lower; the excretion of inorganic electrolytes, especially by extrapolation to a zero bile acid excretion rate from the cations, was significantly higher after cefmetazole adminisplot of bile flow versus bile acid secretion. This relation is tration, but the secretion rate of bile acids was not signifi- (Table 1) . range of bile acid excretion rates (3). However, our data fit a When bile flow was plotted against cefmetazole excretion single regression line, and the results obtained suggest that into bile (Fig. 4) 20) , and the existence of a common excretory mechanism for excreted into bile in rats. Previous studies have demonbile acids and antibiotics has been suggested (14) . However, strated that after subcutaneous or intramuscular administraeven when saturated, hepatic transport of cefmetazole did tion of cefmetazole, there are significant interspecific differnot affect biliary secretion of bile acids, which suggests that ences in the biliary recovery of this antibiotic, with excretion transport mechanisms are not necessarily shared by both rates higher in rats than in dogs, rabbits, or monkeys (27) .
kinds of compounds. Recent investigations of the biliary This fact does not necessarily imply interspecific differences excretion of piperacillin and ampicillin, which have demonin the hepatocellular mechanism of excretion of the antibi- secretion of bile acids, point to a similar conclusion (7) . The effects of bile acids on the biliary excretion of cephalosporins could be explained, as suggested for other organic anions, by a direct effect of increased bile flow, intracellular interaction with mixed micelles, or cotransport via a vesicular system (9) .
Choleresis originating at the ducts and ductules is thought not to occur in rats. Ductular reabsorption is almost nonexistent in this species (11) , and secretin causes only a slight increase of bile flow, apparently originating at the hepatocellular level (22) . Choleresis produced by cefmetazole in our experiments could be explained by stimulation of an electrolyte transport mechanism or by the osmotic activity of cefmetazole in bile.
Cefmetazole was concentrated in bile, and each micromole excreted was associated with 44 pAl of bile, which strongly suggests that cefmetazole-induced choleresis is directly related to the biliary excretion of cefmetazole. Because the increase in bile flow is readily reversible and related to biliary levels of cefmetazole, it is not probable that this compound has effects similar to agents such as SC 2644, which stimulates bile acid-independent bile flow by activation of Na-K ATPase (30) . Several xenobiotics such as ethacrynic acid (8) , diethyl maleate (4), valproic acid (29) , ioglycamide (16) , and piperacillin (7) stimulate bile flow in different species, including rats, by a mechanism that is thought to be predominantly due to the osmotic activity of these compounds or their metabolites. However, the volume excreted per micromole exceeds the theoretical maximal increment in bile flow anticipated for the osmotic activity of these agents (29) . Apparently, other determinants of secretion are stimulated, a situation that would also be present in the case of cefmetazole-induced choleresis.
The increase in bile flow was accompanied in our experiments by a higher biliary excretion of inorganic electrolytes. Recent experimental data suggest that the active transport of bicarbonate through the canalicular membrane could play an important role in the bile acid-independent fraction formation (10, 19) . However, cefmetazole does not stimulate the bile acid-independent fraction of bile flow through a concentrative mechanism of this kind, since the bicarbonate concentration in bile during cefmetazole-induced choleresis was similar to that observed in the controls and to preadministration levels.
Since cefmetazole is an amphoteric organic compound, highly ionized at physiological pH values, it can be coupled with inorganic cations during its transport into the biliary space. This could explain why biliary outputs of sodium plus potassium are higher than outputs of chloride plus bicarbonate, as observed by us. Anyway, further work is required to elucidate the mechanism of enhanced bile flow above that dependent on the osmotic activity of cefmetazole in bile.
Additionally, the present study indicates that cefmetazole choleresis is associated with decreased cholesterol and phospholipid biliary excretion without affecting bile acid secretion. This uncoupling of biliary lipid secretion has been previously reported for different agents such as bilirubin (1), sulfobromophthalein (24) , ampicillin (2), ioglycamide (5) , and cefoperazone (20) . The effects are apparently not due to impairment of mixed micelle formation but rather to presecretory events (20) .
In summary, our data indicate that the biliary excretion of cefmetazole not only depends on bile flow and liver function, as previously indicated, but also modifies bile flow and composition, causing a choleretic effect that is dose related and saturable. The increase in bile flow appears to be partly due to the osmotic properties of cefmetazole excreted into bile.
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